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In  support  of  the  main  document ,  "A  Basis  for  Limiting  Noise  Exposure  for  Hearing 
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that  completely  predict  the  relationship  between  NIPTS  and  noise  exposure  for 
various  audiometric  frequencies,  sound  pressure  levels  and  population  percentiles. 
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PREFACE 


The  BiodynamicB  and  Bionics  Division  of  the  Aerospace  Medical  Re¬ 
search  Laboratory  was  given  the  responsibility  under  an  Interagency  Agrte- 
ment  with  the  Environmental  Protection  Agency,  to  develop  a  document  which 
would  serve  as  a  basis  for  limiting  noise  for  purposes  of  hearing  conserva¬ 
tion.  The  preparation  of  this  document  was  accomplished  by  the  University 
of  Dayton  Research  Institute  (UDRI)  under  Contract  F3361  5-72-C-l  402. 

The  Aerospace  Medical  Research  Laboratory  efforts  in  support  of^this  pro¬ 
ject  were  included  under  Project  7231  -03-16,  ’’Auditory  Responses  to  Acous¬ 
tical  Energy  Experienced  in  Air  Force  Activities.  " 

In  order  to  resolve  certain  issues  that  developed  during  preparation  of 
the  primary  document,  the  material  of  this  supporting  document  was  develop¬ 
ed.  This  document  does  not  cover  all  facets  of  the  relations  between  hear¬ 
ing  and  noise  exposure,  and  should  be  used  only  in  conjunction  with  the 
primary  document  "A  Basis  for  Limiting  Noise  Exposure  for  Hearing  Con¬ 
servation"  (AMRL-TR-73-90)  (EPA-5'50/9-73-001 -A). 

Acknowledgement  is  made  of  the  assistance  provided  by  Dr.  H.  E.  von 
Gierke,  Dr.  C.  W.  Nixon  and  Capt.  David  Krantz  of  the  Biodynamics  and 
Bionics  Division. 
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PREDICTION  OF  NIPTS  DUE  TO  CONTINUOUS  NOISE  EXPOSURE 


I.  INTRODUCTION 

This  report  was  written  to  support  certain  parts  of  the  criteria  document, 
"A  Basis  for  Limiting  Noise  Exposure  for  Hearing  Conservation”.  Specifically, 
several  different  predictive  methods  are  presented  that  estimate  the  effects 
of  noise  on  hearing.  The  predictive  results  will  then  be  manipulated  until 
they  are  reduced  to  a  format  that  allows  a  basis  for  administratively  proposing 
a  specific  noise  limit. — 

This  report  relies  on  the  main  document  (AMRL-TR-73-90)  for  defir.’- 
tion  of  terms,  arguments  concerning  impulsive  noise,  relationships  betwee  i 
Temporary  Threshold  Shifts  (TTS)  and  Noise  Induced  Permanent  Threshold 
Shift  (NIPTS),  etc. 

Method  of  Attack.  With  respect  to  NIPTS,  the  duration,  spectrum  ana 
intensity  of  the  noise  exposure,  the  sensitivity  of  the  individual,  and  the  life¬ 
time  noise  exposure  history  of  the  individual  are  all  important  parameters. 

With  this  many  parameters,  it  is  predictable  that  there  are  varied  opinions 
as  to  how  NIPTS  will  develop  in  a  group  of  people  exposed  to  noise.  If  one 
adds  to  the  problem  various  interpretations  of  what  constitutes  a  significant 
hearing  loss,  then  it  is  not  surprising  that  a  resulting  jumble  of  noise  limit¬ 
ing  criteria  will  develop.  The  intent  of  this  supplement  is  not  to  be  inter¬ 
pret  what  constitutes  a  significant  hearing  lo9S  until  such  interpretations  are 
required  in  order  to  suggest  a  recommended  limit.  Therefore,  major  em¬ 
phasis  will  be  placed  on  the  relationship  of  NIPTS  to  noise  for  various  popu¬ 
lation  percentiles. 

II.  RELATION  OF  NOISE  TO  HEARING  LOSS 

A .  Relation  of  Noise  to  Hearing  Loss  for  Constant  SPL  for  8  Ho u r 
Working  Day 

1.  Exposure  Situation  of  Data  Base.  This  situation  is  the  basis 
of  much  of  the  human  data  with  respect  to  actual  hearing  loss.  Therefore  it 
is  this  situation  that  by  necessity  anchors  any  criterion  which  will  relate 
hearing  loss  to  noise.  Once  this  point  is  selected,  exposure  duration  is  then, 
handled  such  that  shorter  or  longer  exposures  are  expected  to  be  as  noxious 
as  the  8  hour  exposure.  The  8  hour  permissible  exposure  point,  therefore, 
must  be  set  with  great  care.  Since  this  is  the  heart  of  the  report,  a  consid¬ 
erable  amount  of  detail  will  be  presented  that  will  hopefully  allow  selection 
of  permissible  noise  exposure  for  an  8  hour  day. 
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2.  Selection  of  Data  Base.  Various  researchers  have  made  an 
attempt  to  develop  a  predictive  relationship  between  noiBe  exposure  in  the 
8  hour  working  day  and  the  resulting  hearing  loBses.  The  relationships  were 
investigated  and  either  accepted  or  rejected  based  on  whether  or  not  they 
(a)  allowed  calculation  of  NIPTS  at  various  percentile  points  and  (b )  consider¬ 
ed  at  least  speech  frequencies  (.  5,  1  arid  2  kHz)  and  the  audiometric  frequency 
of  4  kHz.  The  methods  of  Passchier-Vermeer,  Robinson  and  Baughn  satisfy 
these  restrictions. 

Passchier-Vermeer' s  method  is  attractive  in  that  it  correlates 
the  data  of  manv  different  reports.  Inclusion  of  her  method  thus  provides  a 
rather  broad  data  base  (see  Table  1  for  a  summary  of  her  sources).  A  weak¬ 
ness  of  her  method  is  that  for  much  of  her  data  base  only  the  25,  median, 
and  75  percentile  levels  of  the  population  were  provided. 

Robinson's  method  provides  one  mathematical  relationship  (the 
hyperbolic  tangent)  which  is  adjusted  for  the  audiometric  frequencies  con¬ 
sidered  and  the  percentile  levels  used.  The  method's  strength  is  that  it  allows 
calculation  of  predicted  NIPTS  for  a  wide  variety  of  conditions.  A  criticism  of 
the  method  might  be  that  it  uses  only  one  careful  study  of  an  otologically 
screened  population  of  British  subjects.  Such  a  population  may  not  be  typical 
of  average  US  population.  It  is  also  diff.cult  to  visualize  how  the  hyperbolic 
tangent  could  be  a  best  approximation  to  NIPTS  for  all  frequencies  and  condi¬ 
tions.  Nevertheless,  Robinson' c  methodology  is  well  conceived  and  provides 
an  additional  data  base. 

Baughn' s  data  provides  superior  insight  into  how  NIPTS  develops 
at  various  percentile  points,  not  just  the  median.  It  has  also  been  used  as 
the  basis  for  the  ISO  standard.  Its  weakness,  as  typical  with  many  industrial 
studies,  is  that  some  residual  TTS  will  have  been  measured  since  an  occasion 
only  20  minutes  recovery  was  allowed  before  audiometric  testing  was  performed. 
Lack  of  recovery  would  tend  to  make  the  predicted  NIPTS  too  high.  A  second 
problem  is  that  the  control  (or  non-noise  exposed  group)  must  be  considered 
to  have  been  exposed  to  78  dBA  or  less.  Therefore  from  Baughn's  data 
alone,  it  would  be  impossible  to  show  that  the  78  dBA  exposure  was  not  in 
itself  causing  a  significant  NIPTS. 

In  summary,  all  three  methods  have  both  strengths  and  weak¬ 
nesses  and  it  would  he  hard  to  say  which  of  the  three  methods  (Robinson's, 
Passchier-Vermeer' s  or  Baughn)  gives  the  best  estimates  of  the  true  situ¬ 
ation.  7'herefore,  the  predicted  NIPTS  values  were  tabulated  for  each  method 
and  compared.  The  results,  as  seen  in  Table  2,  speak  for  themselves.  In 
general,  there  are  not  large  (greater  than  10  dB)  differences  between  the 
three  methods.  Most  differences  are  less  than  5  dB.  For  this  reason,  all 
three  methods  were  used  to  derive  predicted  values  of  NIPTS.  ^he  final 
prediction  i a  thr-  average  of  the  NIPTS  of  each  method;  and,  as  a  consequence, 
should  give  a  final  result  that  is  not  unduly  influenced  by  the  weakness  of  any 
i  r, }  f*  rn  f*  t  h  od . 
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TABLE  1 

Work  Included  In  Passchie  r-Ve  rmcer’s  (1968)  Analysis 


W.  Burns,  R.  llinchcliffe,  T.  S.  Little r, 

An  exploratory  study  of  hearing  loss  and  noise  exposure  in  textile 
wo rke  rs. 

The*  Ann.  of  Occ.  Hyg.  1_  (1964)  323-333. 

R.  Gallo,  A.  Glorig,  •» 

P.T.S.  changes  produced  by  noise  exposure  and  aging 
Am.  Ind.  Hyg.  Ass.  Journal  25  (1964)  237-245. 

The  relations  of  hearing  loss  to  noise  exposure 
A  Report  by  subcommittee  Z  2--X-2  (19  54)  34. 

N.  E.  Rosenwir.kel,  U.C.  Stewart, 

The  relationship  of  Hearing  Loss  to  Steady-State  Noise  Exposure 
Am.  Ind.  livg.  Ass.  Quart.  1 8,  (1957)  227-230. 

T.  Nixon,  A.  Glorig, 

Noise  Induced  P.  T.  S.  at  2000  and  4000  IIz. 

J.  A.  S.  A.  33  (1961  )  904-M3. 

W.  Taylor,  J.  Pearson,  A.  Mair,  W.  Burns, 

Study  on  noise  and  hearing  in  Jute  weaving 
J.  A.  S.  A.  37  (1964)  1  13-120. 

B .  K  y  1  i  n , 

T.T.S.  and  auditory  trauma  following  °xposure  to  steady-state  noise 
Acta  Oto-Laryng.  Suppl.  152  (I960), 

F.  v.  Laar, 

Results  of  audiomet.ric:  research  at  some  hundreds  of  persons,  working 
in  different  Dutch  factories 

Public  a!  ion:  A.  G.  /  S.  A.  C  23  of  N.  I.  P.  G.  -  TNG. 

A.  Spoor, 

P  re  shyer  usi  s  values  in  relation  t>'  noi  sc -ind tired  hearing  loss 
i : : t .  And.  6  (1967)  48-57 

G.  V7 .  Eosten  and  G.  J.  van  Os, 

G  on  in  1 1  in  i  t  y  reaction  criteria  for  external  noises 

i  I,.-  Gout  rol  •>(  Noise,  MP  L-Sv n ipns i on  no.  I.’.,  P.  373-38.’.,  I1MSO 
!  9 ( -  2 . 
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3.  Other  Methods.  The  National  Institute  of  Occupational  Health 
and  Safety  (NIOSH)  also  presented  data  which  have  not  been  smoothed.  Table 
2f  has  some  of  these  same  data  incorporated  for  comparison.  This  data  base 
was  not  used  because  (1)  it  only  predicts  NTPTS  for  90  dBA,  (2)  the  sample 
size  was  very  small  (22  workers  for  some  of  the  ago  groups),  and  (3)  some 
type  of  smoothing  of  the  data  would  be  required  in  order  to  make  it  a  pre¬ 
dictive  method.  The  data  is  presented  in  Table  2f  in  order  to  show  (1)  that 
raw  data  requires  treatment  (such  as  provided  by  Robinson,  Passchier- 
Yermeer  or  Baughn)  before  it  is  ueefui,  and  (2)  the  NIOSH  data  is  not  out  of 
line  with  the  predictive  methods  used  in  this  report.  There  is,  however, 
one  method  in  the  literature  which  differs  greatly  with  other  methodologies. 

This  is  Kryter's  latest  work  published  in  the  Journal  of  the  Acousticat  Society 
of  America,  1973. 

Figure  1  shows  a  plot  of  predicted  NIPTS  values  for  each  of  the 
three  selected  methods  as  well  as  Kryter's  predicted  values.  Of  all  the  studies 
compared,  only  Kryter  does  not  seem  to  be  in  general  agreement  with  the 
three  methods  selected.  Therefore,  a  special  discussion  of  his  method  is 
included.  At  this  point,  however,  attention  will  focus  only  on  the  methods  of 
Pas schier-Vermeer,  Robinson,  and  Baughn. 

4.  Simplification  of  Data.  Now  that  three  different  methods  have 
been  selected,  the  question  remains  as  to  how  to  use  the  data.  The  data  are 
simplified  to  three  curves  (representing  different  philosophies  of  what  and 
whose  hearing  should  be  protected)  for  three  audiometric  frequencies.  Two 
curves  are  the  expected  NIPTS  (maximum  and  a  10  year  exposure  point)  of 
of  the  sensitive  ears  on  the  90  percentile  points  with  respect  to  SPL.  The 
other  curve  is  the  average  NIPTS  expected  during  40  years  of  exposure  as 
averaged  over  all  the  population  percentiles.  This  third  curve  is  approximated 
closely  by  the  median  NIPTS  level  after  20  years  of  exposure.  The  three 
audiometric  frequencies  presented  were  speech  (average  of  0.  5,  1,  and  2  kHz), 
speech  (average  of  0.  5,  1,  and  4  kHz)  and  4  kHz.  A  Table  relating  percent 

of  population  with  more  than  a  5  dB  NIPTS  at  4000  Hz  versus  exposure  is  also 
developed.  The  data  are  presented  in  the  sequence  in  which  reduced  so  that 
a  user  may,  at  his  discretion,  stop  and  use  as  a  basis  of  his  decision  the  data 
one  or  more  steps  before  the  manipulation  that  provides  the  final  curves 
discussed  above. 

5.  Details  of  Selected  Methodologies, 
a)  Pas schier-V ermeer  ( 1971) 

Passchier-Vermeer  results  are  in  graph  form  (see  Figure  2). 
Tables  3  and  4  are  then  used  to  calculate  the  effects  of  age  and  the  correction 
necessary  for  considering  different  percentile  levels.  The  details  of  the 
i  ;<  leu]  at  ion  s  of  the  values  in  Table  2  are  as  follows: 
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H  *'  t  r  *■  n  »■  : 


"Hearing  Lon*  Duo  to  Exposure  to  Steady-State  Broadband  Noise.  " 


(!)  I'l-nvrrtfi!  N.  It.  into  dBA  by  adding  formula  dRA  =  N.  R.  +  4. 

»' voi-niuro  used  was  outlined  in  pageB  23-25. 
i  D  N' so  Indue  ed  shift  of  hearing  level  (Dx),  not  approximation  of  noise 
induced  '  marine  loss  (D'x)  was  calculated, 
i  * !  (’•'  )  v  .Dues  were  obtained  from  Figure  R35-A  and  Tables  A  and  B. 

>)  . .  H  <\,  :  he  curves  of  R35-A  were  extended  slightly  by  straight  lines. 

’ 1  '  •  b  !>*m  ring  loss  was  obtained  from  averaging  Dx  for  500,  1000,  and 

Mr  *  requeue  ies. 

i  1  <’:••••  e  r.u  mi't'snl  was  suggested  in  her  original  report  for  estimating  the 

!  '  i ■>'!  -,0  percentile  levels,  the  corrections  used  to  estimate  the  25  or 
;  >■  ’  e enti  !e  levels  wer e  doubled  in  order  to  approximate  the  10  or  90 
per.  entile  levels.  The  error  of  this  approximation  will  be  less  than 
10  per*  ent  for  a  normal  distribution.  This  is  in  agreement  with 
''der- Vermeer' »  supplement  (1969)  to  the  main  report. 

:  9  7  I  paper  ’’One  upati  onal  Hearing  Loss",  Pas  schier- Vermeer 
■  id"  N'PTS  values  for  the  10  year  exposure  point.  These  values 

x  Hi  :»:>•  a  ppr  <  >xi  m  a*  ion  used  in  this  supplement, 

M  Robinson 


Robinson  provides  a  formula  and  a  set  of  Tables  (see 
■  '  ar.i!  ■  )  which  can  be  used  to  calculate  NIPT S.  A  nomogram  is  also 

;>  r*‘«en tec;  which. allows  calculation  of  hearing  levels  of  noise-exposed  popu- 
' ;i :  i  t'T'  *t  since  the  presbycusis  correction  is  included.  Details  of  the  calcu- 
•!«••*!  •  o  obtain  the  values  of  Table  2  are  as  follows: 


'’T  he  Relationships  Between  Hearing  Loss  and  Noise  Exposure. 

sed  LA  dRA. 

l;,...  procedure  outlined  on  page  18  except  that  the  formula: 


27.  ' 


1 


TANK 


LA  4  10  LOG  T/TO  4  Ur. 
15 


I  ♦ 


•.vas  ns**';  instead  of  the  nomogram. 

.‘  •'b*  5  (page  6  of  reference)  was  used  to  find  \i  for  TO  -  I  year. 

’  '•  7  of  reference)  was  used  to  find  Un,  which  relates  H  to  a 

P,.v.  ,,f  the  population. 

M-ne  ,,f  exposure  in.  years  and  H  -  noise  induced  hearing  loss. 

■  :  *, earing  loss  was  calculated  from  averaging  H  for  500,  1000  and 

/•■til,  f  ;  t.  f  T*  eq  u*’.’l  e  i  e  s. 


!M**U"  1  presents  a  set  of  Tables  (see  Tables  7  and  8)  that 

8  different  age  groups  for  9  percentile  levels 
'•eiM*  -  ■  un B lions.  Considering  the  78  dBA  group  as  non- 
■  •' b  i.i  la  Moris  are  as  follows: 


1  *1 


TABLE  5 


Frequency  parameter  X  in  H~functio 
'  (from  Robinson) 


Audiometric 

frequency 

\  (dB) 

(kHz) 

T  =2  year 
o 

0.  5 

130.  0 

1 

126.  5 

2 

1  20.  0 

3 

114.  5 

4 

112.  5 

6 

115.  5 

TABLE  6 

Percentile  parameter  u  in  H -function 
(from  Robinson) 


Percentile  n  u 


"Sensitive)  earo" 

1  *  13.0 

2  12.1 


3  11.1 

5  9.8 

7  8.7 

Deoilo  10  7.6 

15  6.0 

20  5.0 

Quartile  25  4.0 

30  3.1 

40  1.5 

Median  50  0 

60  -  1.5 

70  -  3.1 

Quartile  75  -  4*0 

80  -  5.0 

85  -  6.0 

Dooilo  90  -  7.6 

93  -  8.7 

95  -  9.8 

98  -11.1 

99  *  -12.1 

"Rooiotont  ears"  -13*8 


*  Extrapolated. 


16 


A B I .K  H  (from  Baughn) 

•1000  Hz 


(1)  Use  Table  7  (6a  of  reference)  and  Table  8  (9  of  reference)  from  Baughn'B 
data. 

(2)  N1PTS  for  speech  was  considered  as  the  difference  in  hearing  of  a  certain 
percentile  of  people,  who  are  exposed  to  a  noise  level  greater  than  80  d3A 
minus  the.  hearing  level  of  that  same  percentile  of  people  who  are  exposed 
to  only  80  dBA. 

(3)  Percentile  levels  were  given  in  units  of  10  percent  only.  The  t  >  and  75 
percentile  points  were  obtained  by  averaging  20  and  30,  and  70  and  80  per¬ 
centile  values,  respectively. 

(4)  The  data  was  given  by  age  groups  with  6  year  differences.  Linear  inter¬ 
polation  was  used  where  necessary  to  obtain  exposures  for  10,  20  and 

40  years. 

(5)  HL  values  for  4000  Hz  at  80,  85  and  90  dBA  calculated  from  Baughn's 
data  by  linear  interpolation  between  the  78  and  86  dBA  data  points  or  the 
86  and  92  dBA  data  points.  Values  at  95  dBA  were  obtained  by  linear 
extrapolation  from  the  86  and  92  dBA  points.  NIPTS  due  to  some  exposure 
level,  e.  g.  ,  85  dBA,  was  calculated  as  the  HL  at  85  dBA  minus  the  HL 

at  78  dBA  for  the  same  percentile  and  age  group. 

6.  Manipulation  of  Data.  These  values  were  manipulated  and 
simplified  as  follows:  Tables  9,  10  and  11  were  constructed  by  averaging 
the  NIPTS  values  of  Table  2  over  a  40  year  lifetime  (age  20  to  age  60). 

After  the  NIPTS  values  were  averaged  over  time  for  various  population 
percentiles,  the  results  were  averaged  over  the  total  population.  A  graphic 
method  was  used  to  calculate  "Average  NIHL  during  40  Years  Exposure". 

The  0,  10,  20  and  40  year  data  points  were  plotted  on  graph  paper.  The  area 
under  the  curve  drawn  through  these  points  was  measured  and  then  divided 
by  40  to  obtain  the  "average  NIHL  during  40  Years'  Exposure."  A  graphic 
method  in  which  the  .  9,  .  75,  .  5,  .  25,  and  .  1  percentile  points  were  plotted 
was  used  to  calculate  "Average  Loss  of  Total  Population  During  40  Years  of 
Noise  Exposure",  The  area  under  the  resultant  curve  was  measured  and 
normalized  to  obtain  the  desired  value. 

From  this  average,  Table  12  7/as  developed.  Tables  13  and 
14  come  directly  from  the  data  of  Table  2.  Table  13  provides  the  expected 
NIPTS  after  10  years  of  noise  exposure  that  will  not  be  exceeded  by  90  per¬ 
cent  of  the  population  (.9  Percentile  level).  Table  14  depicts  the  maximum 
NIPTS  that  will  be  encountered  during  a  typical  40  year  exposure  which  starts 
at  age  20.  Normally  this  occurs  at  60  years  of  age,  but  for  4000  Hz, 
Passchier-Vermeer's  method  shows  that  this  occurs  after  both  10  and  40  years 
of  exposure  time,  while  Baughn's  data  indicates  that  this  occurs  at  the  10 
year  exposure  point. 

The  resulting  NIPTS  values  of  Tables  12,  13  and  14  are  now 
averaged  over  the  three  methods.  This  grand  average  is  presented  in  Fig¬ 
ures  3-8.  Figures  3,  4  and  5  compare  the  3  different  ways  (Max  NTPTS, 

.')  percentile;  NIPTS  after  30  year  exposure,  .9  percentile;  and  average 
NIPTS  of  total  population  fluring  40  years)  of  considering  the  data  at  three 


TABLE  9 

Average  NIPTS  during  40  Years  Exposure 
1/3  (.  5,  1,  2  kHz) 


dBA 


80  Robinson 
Baucrhn 


Population  Percentiles 
.9  .75  .5  .25 


Passchier-Vermcor  0 


2.0  1.3 


Ave  rage 
Loss  of  T otal 
Population 


Par.schier-Vermccr  .9 


85  Robinson 
Bauqhn 


3.6  2.4  1.4  .8 

2.8  2.0  1.3  1.1 


Pa ss chi er -Vermeer 

3.0 

2.3 

1.6 

1.4 

1.2 

1.9 

Robinson 

5.5 

3.2 

2.1 

1.2 

.5 

2.5 

Baughn 

6.0 

4.3 

3.0 

2.3 

1.9 

3.5 

Passchier-Vermeer 

9.2 

6.3 

5.5 

4.4 

3.5 

5.8 

Robinson 

11.0 

7.5 

4.4 

3,1 

2.1 

5.2 

Baughn 

10.2 

7.2 

5.0 

3,8 

3.4 

5.7 

TABLE  10 


Average  NIPTS  during  40  Years  Exposure 
1/4  (.  5,  1,  2,  4  kHz) 


dBA 

80 


85 


90 


s 

Population  Percentiles  Average 

Los s  ot  Total 


.9 

.75 

.5 

.25 

.1 

Population 

Passchier- Vermeer 

3.4 

2.5 

1.5 

.2 

0 

1.4 

Robinson 

3.6 

2.3 

1.5 

.  8 

.6 

1.7 

Baughn 

.8 

.7 

.7 

.6 

•  6 

.7 

Passchier -Vermeer 

5.1 

4.0 

2.9 

1.6 

.3 

2.9 

Robinson 

6.3 

4.2 

2.7 

1.6 

1.0 

3.2 

Baughn 

5.1 

4.0 

3.5 

3.0 

2.7 

3.7 

Passchier-Vermeer 

8.1 

6.9 

5.7 

4.3 

3.0 

5.7 

Robinson 

9.3 

6.4 

4.3 

2.7 

1.9 

4.9 

Baughn 

8.8 

7.2 

6.0 

4.9 

4.3 

6.3 

Passchier-Vermeer 

14.7 

12.1 

11.1 

9.4 

7.9 

11.1 

Robinson 

15.8 

li.: 

7.7 

5.3 

3.6 

8.5 

Baughn 

13.3 

10.7 

8.5 

6.9 

6.4 

9.0 

2  ! 


TABLE  11 

Average  N1PTS  during  40  Years  Exposure 
4000  Hz 


Population  Percentiles  Average 

Loos  of  Total 


BA 

.5 

.75 

.5 

.25 

.1 

Populatio 

Passchicr-' Vermeer 

13.8 

9.9 

6.0 

1.0 

0 

5.5 

80 

Robinson 

8.7 

5.6 

3.5 

2.2 

1.4 

4.2 

Baughn 

3.4 

3.0 

2.9 

2.5 

2.4 

3.0 

Passchicr- Vermeer 

17.8 

14.4 

11.0 

6.0 

1.0 

10.6 

85 

Robinson 

14.2 

9.6 

6.4 

4.0 

2.9 

7.4 

Baughn 

11.9 

10.2 

10.1 

8.9 

8.2 

10.0 

Passchicr- Vermeer 

23.6 

20.8 

18.0 

13.2 

8.4 

17.0 

90 

Robinson 

21.6 

16.2 

11.1 

7.3 

4.8 

12.0 

Bauqhn 

17.3 

15.9 

14.9 

12.9 

11.6 

14.7 

Passchier-Vermeer 

31.4 

29.7 

28.0 

24.5 

21.0 

26.9 

Robinson 

30.4 

24.2 

27.6 

12.1 

8.3 

18.3 

Baughn 

22.8 

21.2 

19.1 

16.4 

15.3 

19.0 

95 


TABLE  12 


Average  Loss  of  Total  Population 
during  40  Years  of  Exposure 


1/3 

(.5,  1, 

2  kHz) 

75 

80 

85 

90 

95 

Passchier-Vermeer 

- 

0 

.4 

1.9 

5.8 

Robinson 

- 

.9 

1.6 

2.5 

5.2 

Baughn 

- 

0 

1.6 

3.5 

5.7 

Average 

.3 

1.3 

2.6 

5.5 

1/4 

(.5,  1, 

2,  4  kHz) 

75 

80 

85 

90 

95 

Passchier-Vermeer 

— 

1.4 

2.9 

5.7 

11.1 

Robinson 

- 

1.7 

3.2 

4.9 

8.5 

Baughn 

- 

.7 

3.7 

6 . 3 

9.0 

Average 

1.2 

3.2 

5.6 

9.5 

4000  Kz. 

75 

80 

85  90 

95 

Passchier-Vermeer 

- 

5.5 

10.6 

17.0 

26.9 

Robinson 

- 

4.2 

7.4 

12.0 

18.3 

Baughn 

- 

3.0 

10.0 

14.7 

19.0 

/vverage 

4.2 

9.3 

14.6 

21.6 

23 


TABLE  13 


Noise  Induced  Hearing  Loss 


90  Percentile 

Level  - 

10  Years 

1/3 

(.5,  1,  2 

kHz) 

75 

80 

85 

90 

N  95 

Passchier-Vermeer  0 

0 

.9 

2.4 

5.6 

Robinson  .8 

1.5 

2.8 

4 . 2 

8.1 

Baughn  0 

0 

2.5 

5.5 

9.6 

Average  . 3 

.5 

2.1 

4.0 

7.8 

1/4  (.5,  1,  2  &  4  kHz) 

75  80  85  90 

95 

Passchicr-Verrr.eer 

2.5 

3.5 

5.2 

7.3 

12.1 

Robinson 

1.5 

2.7 

5.0 

7.8 

13.0 

Baughn 

0 

1.3 

6.5 

11.6 

17.6 

Average 

1.3 

2.5 

5.6 

8.9 

14.2 

4000  Hz 

75 

80 

85 

90 

95 

Passchier-Vermeer 

10.0 

13.8 

17.8 

23.6 

31.4 

Robinson 

3.6 

6.6 

11.6 

18.8 

27.7 

Baughn 

0 

5.3 

18.6 

30.1 

41.2 

Average 

4.5 

8.6 

16.0 

24.0 

33.4 

24 


TABLE  14 


Maximum  Hearing  Loss  from  Noise  .9  Percentile 


1/3  (.5,  1, 

2  kHz) 

75 

80  85 

90 

95 

Passchier-Vermeer 

0 

0 

1.1 

4.5 

11.6 

Robinson 

1.6 

3.2 

5.8 

8.6 

15.1 

Baughn 

0 

0 

3.9 

7.3 

S 

12.9 

Average 

.5 

1.1 

3.6 

6.8 

13’.  2 

Worst  Case 

Use 

Robinson ' s 

Data 

1/4  (.5, 

1,  2  &  4  kHz) 

75 

80 

85  90 

95 

Passchier-Vermeer 

1.9 

3.5 

5.2 

9.5 

15.3 

Robinson 

3.0 

5.6 

9.5 

13.8 

19 . 6 

Baughn 

0 

1.3 

6.5 

11.6 

17.6 

Average 

1.6 

3.5 

7.1 

11.6 

17.5 

Worst  Case 

Use 

Robinson ' o 

Data 

4000  Hz 


Passchier-Vermeer 

10.0* 

13.8* 

17.8* 

23.6* 

31.4* 

Robinson 

7.5 

12.9 

20.5 

29 . 5 

38.1 

Baughn 

0 

5.3* 

18.6* 

30.1* 

41.2* 

Average 

5.8 

10.7 

19.0 

27.7 

36.9 

Worst  Case 

10.0 

.13.8 

20 . 5 

30.1 

41.2 

*Tnis  maximum  value 

is  for 

10  years. 

(Otherwise  the 

maximum  occurs  at  40  years) . 
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selected  audiometric  frequencies.  It  is  these  sets  of  figures,  along  with  a 
set  of  Hearing  Risk  tables  and  one  other  table  to  be  discussed  later,  that  are 
considered  sufficient  to  select  the  permissible  A-weighted  SPL  for  the  8  hour 
noise  exposure.  Before  such  a  selection  is  made,  however,  certain  other 
observations  should  be  considered  in  detail. 

7.  Considerations. 

a)  NIPTS  at  4000  Hz  may  decline  with  exposure  for  the  very 
sensitive  ears,  while  increasing  for  resistant  ears.  Figures  9,  10,  1  1  are 
a  plot  of  the  Hearing  Levels  of  Baughn's  data  for  .9,  .5,  and  .  1  percentile 
levels.  Figure  12  is  a  plot  of  the  difference  between  85  dBA  exposed  groups 
and  78  dBA  exposed  groups.  As  expected,  during  the  first  years  of  exposure 
the  sensitive  ears  (.9  percentile)  show'  a  large  increase  in  NIPTS  while  the 
resistant  ears  (.  1  percentile  )  show  little  increase.  After  40  years  of  ex¬ 
posure,  the  situation  is  completely  reversed.  If  only  the  effect  on  the  sen¬ 
sitive  ears  is  considered,  the  NIPTS  for  the  noise  resistant  ears  could  be 
improperly  neglected. 

It  was  for  this  reason  that  the  ''average  NIPTS  during  40  years" 
was  calculated.  For  instance,  using  the  results  for  Table  11  for  85  dBA, 
Baughn's  method  gives  approximately  12  dB  average  NIPTS  for  the  sensitive 
(.9)  ears  and  approximately  8  dB  average  NIPTS  for  the  resistant  (.  1)  ears. 
Apparently  the  entire  population,  not  just  some  super-sensitive  individuals, 
are  significantly  affected  by  noise  during  some  part  of  their  lifetime  at  the 
4000  Hz  audiometric  frequency.  Essentially,  Table  11  was  prepared  to 
show  this  effect. 

One  of  the  obvious  reasons  for  the  decline  of  NIPTS  is  seen 
from  Figure  11.  As  the  total  loss  of  hearing  increases,  regardless  of  the 
reason,  the  influence  of  noise  diminishes  as  there  is  only  so  much  hearing 
to  be  lost.  The  unanswerable  question  that  remains  is  "what  causes  such  a 
large  hearing  loss  as  evidenced  by  Baughn's  (78  dBA)  supposedly  ncn-noi.se 
exposed  group?"  Is  it  aging,  pathological  conditions,  non-occupational  noise 
exposure  greater  than  80  d3A,  the  fact  that  78  dBA  rnay  still  be  capable  of 
causing  a  very  significant  loss  in  sensitive  ears,  or  some  combination  of 
these  factors?  Figure  13  is  a  plot  of  Baughn's  78  dBA  (.9)  population  versus 
the  1960-62  Public  Health  Survey  (PHS)  data.  For  the  most  part,  Baughn's 
78  dBA  (.  9)  £  up  shows  less  hearing  loss  than  the  PHS  group,  until  age  50, 
at  which  point  the  two  groups  become  equal.  One  can  conclude  that  Baughn's 
78  dBA  (.  9)  group  docs  not  differ  significantly  from  the  general  population. 
Baughn  did  not  screen  for  pathological  conditions,  so  one  would  definitely 
expect  that  such  conditions  would  be  an  influence  in  both  groups.  The  effect 
of  aging  cannot  be  neglected.  The  rate  of  hearing  loss  for  both  the  78  dBA 
group  and  the  PHS  (.9)  group  is  approximately  1.  5  dB/yr.  Such  a  steep 
increase  dors  not  occur  for  median  hearing  levels  for  4000  Hz  once  a  certain 
age  is  reached  (such  as  50-70  years).  It  may  not,  therefore,  be  sc  unlikely 
that  for  this  sensitive  10  percent  of  the  population,  aging  alone  causes  a  very 
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significant  change  even  in  the  early  years.  These  arguments  are  not  brought 
forth  to  prove  that  the  rapid  loss  of  hearing  at  4000  Hz  for  this  segment  of  the 
population  is  not  largely  due  to  noise  exposure,  but  rather  to  emphasize  the 
converse;  over-protecting  the  population  against  noise  exposure  to  prevent  the 
rapid  rise  in  hearing  loss  at  4  Hz  for  10  percent  of  the  population  may  be 
entirely  futile.  Such  over-protection  could  easily  come  about  if  one  made 
the  assumption  that  the  78  dBA  is  the  main  cause  of  the  large  hearing  losses 
in  the  sensitive  10  percentile. 

b)  Selection  of  a  standard  deviation  for  sensitivity  to  hearing 
loss.  Figures  12  and  13  demonstrate  the  difficulty  of  considering  only  mean 
uaca  at  some  exposure  time  and  from  these  data  estimating  various  percentile 
levels  by  assuming  a  standard  deviation.  In  order  to  predict  Baughn's  data, 
the  standard  deviation  must  be  constantly  changed  for  increasing  exposure 
time.  This  emphasizes  the  care  that  must  be  taken  if  a  noise  limitation  is 
selected  to  protect  90  percent  of  the  population  instead  of  the  median.  The 
90  percentile  points  can  be  seriously  misestimated. 

8.  Risk,  of  Noise  Relative  to  Hearing  Level  Exceeding  a  Pradecer- 
mined  Level  or  Fence.  Up  to  this  point  discussion  of  hearing 
risk,  as  it  relates  to  an  increase  of  the  numbers  of  individuals  who  show  a 
hearing  loss  greater  than  some  fence  value,  has  not  been  undertaken.  The 
use  of  hearing  risk  as  it  relates  to  fences  has  been  used  for  some  time. 

One  of  the  major  drawbacks  to  the  use  of  fences,  however,  is  that  a  single 
fence  only  considers  or  protects  hearing  of  individuals  whose  hearing  is  al¬ 
ready  near  the  fence  values.  Since  fences  have  customarily  been  set  relative¬ 
ly  high  with  respect  to  the  median  hearing  level,  the  hearing  of  the  majority 
of  the  population  is  not  considered. 

Simply  stated,  the  object  of  the  fence  is  not  to  protect  the 
excellent  hearing  from  becoming  just  good,  but  the  fair  hearing  from  becom¬ 
ing  bad.  The  argument  that  the  excellent  hearing  will  automatically  be  pro¬ 
tected  if  the  fair  hearing  is  protected  may  not  be  true.  Figure  15  is  such  a 
counter  example.  Thus  the  use  of  hearing  risk  should  not  be  the  only  basis 
for  selecting  a  noise  limit  for  hearing  conservation.  Nevertheless  hearing 
risk  is  one  way  to  give  meaning  to  NIPTS  values  and  for  this  reason  Tables 
15  and  16  were  prepared.  Table  15  shows  the  hearing  risk  in  percentage 
as  calculated  by  RobinBon.  The  87,  92  and  97  dBA  values  were  taken  direct¬ 
ly  from  Robinson  and  the  80  dBA  values  were  calculated  using  his  method. 
Table  16  shows  the  same  data  as  calculated  from  Baughn's  curves.  A  typical 
curve  from  Baughn's  data  is  shown  in  Figure  16.  The  data  agree  well  only 
if  a  10  dB  is  added  to  each  of  Robinson's  fence  values.  This,  as  proposed 
by  Robinson,  will  account  for  the  fact  that  Robinson's  data  have  been  care¬ 
fully  screened  for  pathological  hearing  losses  while  Baughn's  data  have  not. 
Baughn's  data,  in  this  regard,  will  certainly  be  more  typical  of  the  normal 
population  exposed  to  non-occupatlonal  noise.  Therefore,  the  10  dB  correc¬ 
tion  will  l>e  added  to  Robinson's  fence  values  in  this  report. 
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PERCENT  OF  POPULATION  WITH  MORE  THAN  2.5 dB  A  H  L.  ('50:  *91$-) 


9 ■  Percent  ( •  f  tin*  Population  with  more  than  a  5  dB  NIPTS  at 

4000  1U  Versus  h  Hour  Noise  Fxposure  Level.  Since  In  general 
the  audiumetric  frequency  at  4000  Hr  is  the  moat  sensitive  Indicator  of  hear¬ 
ing  changes,  a  special  table  was  derived  to  indicate  the  percentage  of  the 
population  expected  to  exceed  a  measurable  NIPTS  (greater  than  5  dB)  for  a 
daily  S  hour  noise  exposure  of  more  than  40  years.  The  expectec.  NIPTS 
for  each  of  the  Sound  Pressure  levels  was  calculated  or  obtained  graphically. 
The  NIPTS  values  of  the  three  methodologies  (Passe  hier-Vertneer,  Baughn, 
and  Robinson)  w>ere  averaged  for  the  various  percentile  points.  These  points 
were  plotted  on  probability  paper  and  a  line  was  drawn  through  them  with  a 
French  curve.  The  intersect  point  with  the  5  dB  NIPTS  line  gives  the  per¬ 
cent  of  the  population  that  will  exceed  a  mensurable  hearing  change  at  that 
exposure  level.  Table  17  is  a  summary  of  am  h  data. 

It  must  be  emphasized  that  tide  method  is  approximate  only 
and  is  very  sensitive  to  errors  in  the  basic  data.  To  emphasize  this  vari¬ 
ability  1  able  18  was  constructed  in  the  same  wav  as  Table  17  except  each 
individual  methodology  v.  as  used  alone. 

10.  Selection  of  Limit  for  the  b  Hour  Pay.  Data  have  been  presented 
that  should  allow  the  setting  of  a  maximum  allowable  noise  exposure  (H  hour) 
based  on  several  considerations.  The  considerations  emphasized  in  this 
report  have  been:  (a)  average  NIPTS  of  total  population  during  40  years, 

(b)  NTPTS  not  exceeded  by  90  percent  of  the  population  at  any  time  during 
their  exposure  history,  (t  )  j  ercent  of  the  population  wiLn  a  measurable  hear¬ 
ing  change  at  4000  Hz,  (d)  hearing  risk  as  determined  by  a  permissible  hear¬ 
ing  loss  or  fence.  If  desired,  other  considerations  can  be  developed  from 
the  data.  It  is  suggested  that  any  recommended  noise  exposure  be  accept¬ 
able  with  respect  to  all  selected  considerations. 

1  1 .  Criticism  of  Kryter's  Method. 

a)  From  F’gure  1  it  is  obvious  that  there  is  a  very  large  dis¬ 
parity  between  the  predictions  of  Kryter  and  that  of  other  researchers. 

While*  Kryter  may  make  some  valid  points,  it  is  believed  that  there  are 
enough  basic  errors  ur  inconsistencies  in  his  methodology  to  make  his  re¬ 
sulting  predictions  invalid.  Therefore  his  NIPTS  predictions  were  not  con¬ 
sidered  in  this  document. 

b)  Faults  and  Inconsistencies  of  Kryter's  Method 

(1)  Kryter  arrives  at  the  conclusion  that  a  non-noise  ex¬ 
posed  population  is  that  population  that  has  not  been  exposed  to  a  continuous 
8  hour  noise  of  5 b  dBA.  This  is  based  on  extrapolation  from  Baughn's  Data 
anc.  the  Public  Health  Survey  of  1982.  T  he  faults  of  this  method  are: 

(a)  Baughn's  data  are  for  92,  ho,  and  7b  dBA.  From 
just  these  3  points  whh  h  spar  a  range  of  14  dB  only  it  is  very  questionable 
that  it  is  justifiable  to  extrapolate  another  23  dB  downward  to  determine 
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wh'-rf  threshold  Sl’i.  th.«:  cause*.  Nil’  1  S  is  !u.  ated.  I  'm  thermore,  muit 
of  the  throe  point  *  do  nol  ev*  n  align  in  a  straight  line,  thu*  requi  fin,;  1 1 1  e 
extrapolation  be  made  b\  a  serie*  of  complex  •  urve*  [see  Figure  17). 

(b)  Kr\!er  use.'  two  diffr  rent  report*,  which  probable 
have  different  biases,  to  determine  the  "\1PTS  Threshold.  "  In  fac  t  Haughn 
admit*  that  he  had  a  svBtentailc  error  of  leas*  5  dBA  and  perhaps  more  in 
his  absolute  threshold*.  For  instant  e  T'l  5  w  ti  a  problem  as  Baughn  had  to 
te-t  people  during  working  hours,  'I  he  problems  do  not  unduly  Jeopardi/.e 
the  validity  of  Baughn's  data  when  compared  will  itself  a*  a!  lea*!  some  of  the 
biases  will  be  expected  to  ,  ,t:.c  ol.  But  w  c:  B.tughu1  *  data  are  comps  red  to 
other  data,  iui  1-.  different  es  will  not  tend  to  camel  and  tnuet  he  fully  con¬ 
sidered.  Looking  at  the  THIS  curves  ami  Baughn's  ciB.y  curves  versa*  age, 
(Figure  lfe),  it  cig,  be  noted  ti.ut  tnry  looi-  vert  similar  ex  ept  Baughn's 
7h  dBA  curve  is  displaced  upward  h\  I'd  dBA.  Krtter  woulo  attribute  this 
upward  shift  to  the  fact  that  the  ?h  dBA  exposure  w..s  still  <  auait.g  a  sub¬ 
stantial  hearing  loss.  Bui  plotted  also  in  Figure  1  •*'  is  ttie  median  of  Baughn's 
pre -expos  a  re  auciiog  rams  of  new  lh  year  old  employe0*.  Note  that  even  for 
this  group,  there  is  still  an  S  dll  variation  m  toe  Pubii<  Health  Survey  data 
and  Baughn's.  This  variation  shows  t°at  there  were  indeed  systematic; 
different  <•*  between  tile  studies.  These  different  oe  may  have  t  orne  from 
audiomeiric  technique*,  differences  in  tne  nopal*  Hon  <-><■  tin*  m!ewes>  »rer. 
versus  tile  nation  as  a  whole,  or  some  other  subtle  bias;  however,  it  is  clear 
that  the  7b  dB  exposure  .a  not.  a  onori,  tne  cause  of  the  It  dB  discrepancy 
between  Baughn's  data  and  the  Public  Health  Survey  data. 

(i  )  In  order  to  demonstrate  me  sensitivity  of  Kryter's 
method  to  systematic  error  between  the  tuo  net*  >f  data,  consider  that  the 
hearing  levels  of  Baughn's  suhiects  were  sv  sterna  t  it  ally  10  d.B  too  high. 

This  10  dB  error  has  signifit  ant  implications  respect  to  Krvter'e  Nil  "J  S 

thresh.old  prediction.  Set  Fi-.ure  J  7  for  a  ty  pi.  ai  correction  if  Baughn's  data 
are  reduced  bv  10  dB  Such  a  10  <1 B  reduction  now  brings  the  "NTPTS  Thres¬ 
hold"  up  to  75-bu  dBA  wit  * ,  far  less  extrapolation  This  puts  Kryter  more  in 
line  with  utn.er  researc  hers.  It  should  also  he  apparent  tbs',  the  gain  in  "NIPT  S 
Threshold  1  was  ZO-Z'-i  dB  for  a  ch.ange  of  on;\  10  dB  in  Bauglm'e  raw  data. 

This  indicates  th.at  with  an  arbitrary  fence  of  so  many  dB,  the  result*  obtained 
are  very  sensitive  lo  the  absolute  thresholds  of  the  data  owed.  One  on’v  has 
to  look  at  the  literature  to  see  row  often  a  10  dB  or  greater  difference  ha* 
o<  c  urred  between  rehear,  in-rs  as  to  what  is  the  median  t)  reshold  level.  The 
10  dB  difference  between  ti  e  1951  ANSI  standard  and.  the  19c-9  ANSI  standard 
for  the  speech  :  requem  i  e*  is  an  obvious  example  B  should  be  noted  th.at 
even  if  the  systematic  difference  in  Baughn's  data  wh#  as  small  as  5  dB.  which 
is  the  minimum  amount  of  error  precli.ted  by  Baughn,  Kryter's  methodology 
wuuld  still  predict  that  the  threshold  of  the  effect  is  at  65-70  dBA.  not  55  dBA. 

'I  h'*refo.*f-,  even  if  one  would  agree  will.  Kryter  tliat  l.is  methodology  is  adequate 
one  must  correct  his  threshold  value  of  55  dBA  by  at  least  10-15  d  15 A  and 
urubablv  much  more. 
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(2)  Oi :  ]■'  i ::  u  r  i'  1  Krvtrr'n  re  unmifMivii  pi  etibvac  u»ls 
curves  are  plotted  a  ioii^  with  R  uiii  tun  c  i  N  -.it  *•  t !- 1 1  Robinson'  h  values  are 

1  i  e  i .  tw  K  r\  t  «•  r 1  s .  7  e !  R  i>‘.  i  i s»  o’;  i  .a  &  t  c  u :  >d  '  Nil5’  u  ter  spen  h  ( ' ' .  ' ,  )  and 

2  kHz)  esser.ikilh  d  i  >  appe?.  r  s  fur  ies*.  than  7!'  i!BA  exposure.  This  does 
not  fit  wit !.  Krvt.-r’s  assumption  that  7:>  uHA  i  s  causing  a  ier\  significant 
« : : if*  ii.  '  (eri:,.. 

(3)  Another  in.  o. -si  st  **>ic  v  of  Krvter'e  NIP  1  S  predictions 

tan  be  aeon  if  those  values  are  «  omparecl  to  the  actual  hearing  levels  of 
Bau.  iui's  work,  rs  j'igore  !  ^  is  su  :  a  <  <>::  pari  son.  Somehow  K  rvter  has 
trt-  oi:  liaugh-.’s  data  and  manipulated  the  da*  a  sin  h  to..!  th<  predicted  .NjP  I  ii 

is  '.ho  b.itr.e  c-.h  the  loUii  ho.ti  l»v;  toss  of  ti  oso  individuals.  Sim  r  1. earing 

l.;Ss  (  on  si  st  s  of  both  N'H’I  S  and  aging,  the  only  wa\  to  predict  such  a  large 
va’.’.le  of  Ni  C>T  S,  as  I  Be.-  ’  ‘  is  'i.  'ha-  -  »»a  ring  will  rot  change  with 

are.  T  hi  s  i  s  i  I e .,  r !  \  vv  ro : . _ ,  of  ,  <,u  r  s e ,  a  re.:  .  v .  :  Krytvf  t,  *  ..its  1  ‘  d  J3  logs 

fr.an  presbvacuaia  at  age  e  5. 

12.  P-V.  i»us  A  -  W  eig  r.t  i  r, ..  of  1-  requem  y .  At  first  glance,  the  use 

ol  a  P-woighttng  St  ale  instead  of  „n  A-weigl.ting  might  seer.,  attractive  1  he 
D -Weigh;  ir._  added,  approximately  a  1  v  til',  pen.-.liv  to  the  frequencies  that  are 
mure  likely  to  cause  NIPT.s  at  the  super-sensitive  4000  Hi  audiemet  ric 
frequency.  If  one’s  goal  is  to  protect  tin  3,  -1  and  c  kHz  frequencies  equally 
with  the  lower  frequencies  of  0.  r>,  1  and  2  ill/.,  il.ei.  perhaps  the  P -weighting 

would  be  desirable.  However,  D -weighting  also  emphasizes  the  frequencies 
abov.  ->600  Hz  by  <>-9  c!)3,  and  thus  would  tend  to  give  these  high,  frequencies 
more  influence  than  they  properly  deserve.  The  very  low  frequencies  are 
also  emphasized  more.  Thus  protection  of  the  spec'  h  frequencies  of  0,  ?, 

1  ar.ri  2  kHz  is  s  1  i py 1 1  %  deeinphasized  Qualitativelv,  the  argument  reduces 
to  this:  if  one  desires  that  the  risk  of  hearing  loss  should  bp  equal  for  the 
speec  h  ft  e.nrios  of  0.  5,  1  and  2  kHz  ard  for  the  frequency  of  -4  kHz,  then 
tho  D  -  s  c:  a  i  -  .-.ay  im  a  sijg'miy  better  a  up  r  oxi  m  ati  o:  .  If  one  is  willing  to 

allow  5  ri.  B  more  loss  at  4  kHz  than  at  the  speech  frequencies  (C.  5,  1  and  2) 

•  her.  the  d  13  A  is  the  better  approximation.  The  g.-,  rial  feeling  among  most 
investig.v  'ir3  is  that  the  freque--.  Ics  of  ".  h,  ■  and  2  are  son.*' what  more 
essential;  tb‘‘’"'*'ure  >r  jg  rec  onimemini  that  the  A-scale  be  used  for  perpuwes 
of  hearing  c  conservation.  The  D-scalo  can  be  used  to  predict  the  effects  of 
noise  on  hearing,  but  the  proper  adjustments  must  be  made  to  provide  the 
same  safety  to  P:e  lower  speech,  frequencies. 

13.  Duration  c if  the  Exposure. 

(1)  Less  than  8  hcurH.  The  relationships  between  NT  PIS  and 
SPI.  discussed  up  *o  tl.it  point  have  beer,  based  on  an  hour  working  da v  ex¬ 
posure.  The  auditory  sy  stem  c  ar:  tolerate  higher  SP  Lb  province  that  Pie 
exposure  time  is  shorter  (o).  Tt  is  not  entirely  c  lear,  but  it  is  suspected 
that  the  SPh  should  be  reduced  :  f  the  ear  is  exposed  to  noise  for  durations 
greater  than  b  hours. 
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1  !.••  <i<  >  is  ion  as  Low  to  relate  SP1  to  duration  in  order  to 
uniu:::  equally  nuMwis  noise  exposure  depends  upon  how  the  auditory  damagf 
progresses  with.  time.  Three  popular  theories  are  equal  energy  (ISO  stand- 
arc:  :  if  example),  equal  pressure  (Uryter  tor  example)  or  a  compromise 
'between  equal  energy  am:  equal  pressure  (NTO.SH  for  example).  The  equal 
craTiu  rule  piecio  ts  a;:  equal  hazard  if  the  SI5 1#  is  reduced  3  dB  for  each 
ci.mliiir.L  duration  (SPB  caries  inversely  as  10  log  t).  The  equal  pressure 
rule  dictates  that  the  SPB  must  he  ream  eri  t>  dB  for  eat  h  doubling  of  time 
(SPI.  vat  i  e  s  inversely  as  it'  log  t).  'lie  MOSH  rompromise  suggests  that  the 
SPB  should  he  reduced  by  dB  for  ea<  h  doubling  of  time  (SPI.  varies  inverse¬ 
ly  as  ltv  '  I  •  >  t;  :)  Tim  sells  :  i  of  on*  rule  over  another  is  not  a  trivial 
question  For  instant  e,  e  ons  ic»e ri  ng  the  b  hour  exposure  as  the  baseline, 
equal  pressure  allows  the  permissible  SPI.  for  a  one -minute  exposure  to  be 
27  dB  higher  than  that  allowed  for  equal  energy. 

1  here  is  a  l.u  !<  of  unequ:vui  a  NIPTS  data  that  would  sug¬ 
gest  which  rule  to  use.  7  heretore,  equal  11  S  has  been  the  only  method  for 
assessing  equal  hazard.  This  is  why  a  e  on  aid  e  r  abl  o  effort  was  given  in  the 
main  criteria  document  to  the  relationship  of  TTS  (via  animal  and  human 
studies)  to  NIPTS, 

Experimental  results  have  not  yet  completely  clarified  the 
problem.  Spieth  anti  j  rittipoe  (7)  indicate  that  the  equal  pressure  rule  pro- 
t  i  <j  <  ■  o  equal  TTS  fur  high  level,  siiort  duration  exposures.  Ward  (b)  has 
found  that  equal  energy  best  predicted  an  equal  amount  of  TTS  for  chinchilla 
during  4  exposure  c  renditions. 

Some  sense  can  be  made  out  of  the  apparent  contradiction* 
if  the  CHABA  t  urves  are  studied.  Figure  20  is  a  replot  of  the  CHABA 
curves  t'tr.t  relate  equal  TTS  at  various  Sound  Pressure  Bevel*  (SPB),  dura¬ 
tions  ami  audiometrit  frequencies.  All  curves,  only  for  thepurposes  of  com¬ 
parison,  were  related  to  the  same  SPB  value  for  the  b  hour  duration.  Vari¬ 
ous  schemes  for  relating  SPL  to  duration  are  then  plotted.  The  result*  show 
two  main  points.  These  are,  (1)  No  simple  function  of  log  t  best  matches 
t’nr  CHABA  values  for  all  time  durations  and  (z)  the  selection  of  the  function 
used  varies  with  the  audionret  ric  frequency  that  is  to  be  protected.  At  this 
time,  it  is  not  suggested  that  a  function  other  than  the  log  t  be  used  since  it 
would  effectively  eliminate  the  ability  to  provide  dosimeters  and  perhaps 
unduly  complmate  th*  situation.  The  use  of  equal  noxious  TTS  values  in  not 
that  firmly  secure  to  warrant  such  refinements.  Spieth  and  Trittipoe  results 
can  be  explained,  however,  since  the  durations  with  which  thev  were  con¬ 
cerned  were  short.  For  exposures  of  lfc  minutes  and  les£,  TTS  at  4  kHz 
does  start  to  follow  the  equal  pressure  law. 

Using  Figure  20  as  a  basis,  th«  decision  as  to  which  rule 
to  use  reduces  to  width  audiometric  frequencies  cull  be  protected.  If  40C0 
Hz  is  to  be  protected,  then  the  equal  energy  rule  will  be  the  best  approxima¬ 
tion.  If  only  the  speec  h  frequencies  of  0.  5,  1  and  2  kHz  are  to  be  protected, 
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RATIOS  OF  EXPOSURE  DURATIONS 


tii**  NIOSH  rule-  of  5  d  P.  ihunge  in  SP  1.  for  each  doubling  of  time  ia  a  very 
good  ■  mproim  xe.  Either  rule  will  overproiei  t  for  short  time  durations 
ami  is  suit-,  will  add  an  additional  safety  factor  into  any  standard  for  hearing 
i  i  rserva'.io!-..  It  should  In-  noted  that  given  an  exposure  level  and  duration, 
Figure  20  cat-,  be  used  t-  direetiv  predict  th*  relation  between  such  a  condi- 
tiiui  and  tin'  till  A  SIM,  *•!  t  Sours  duration  tn.it  will  cause  the  same  amount  of 
'ITS  (or  therefore  N'lPTS).  The  usefulness  of  such,  a  figure  is  limited,  how¬ 
ever,  as  lypirallv  .1  total  dailv  noise  exposure  does  not  occur  in  such  a  simple 
manner.  I  herefor**,  soon-  ..npr.iximatior.  set. erne  such  as  equal  energy  must 
bv  used.  Curr."  !,o  -ore  for  su<  h  \ariahle6  as  the  i  i.t  e  mi  i  tt  enc  v  of  the 

muse  are  then  requ»red. 


(2)  more  than  •v  i.iurs.  '!  :,ere  Is  a  noticeable  lack 

.  :  a.  tual  NIPiS  <ia'..i  2  -i  i.our  exposure  situations,  therefore  most  of  what 

Is  :  now:.  IS  based  upon  1  1  S  data. 


Smith  el  al.  (9)  exposed  groups  of  inert  for  25  hours  to  a 
70  liz  tone  or  a.  300  Hz  tone  at  113  dB  SPI-.  In  general  'ITS  ranged  from 
0  to  20  hB.  Vii.M.'.ev  el  al.  (10)  simulated  a  24  hour  space  mission  with  an 
ambient  noise  of  about  75  dp,  (not  enough  details  are  given  to  convert  to  dBA 
but  a  rough  estimate  would  be  Hu  dBA)  and  found  a  'I  TS  of  10  to  20  dB  with 
re-.'  very  tr.  ! -■'  m»;rs  Mills  ii  I)  exposed  himself  to  a  93  u!3  SEL  signal 
for  auo*r  30  hours  .n«i  measured  25-27  dB  1  MS  whirl,  required  2-4  days  for 
total  re  1  u\ery.  Melnick  (12)  exposed  ;tci«  lor  lb  hours  to  the  300-b00 
Hz  octave  baud  a'.  9  5  dp,  SPI.  and  found  the*  maximum  ITS  to  be  15-20  dB. 
Recovery  was  complete  with. in  20  hours  past  exposure.  The  Environmental 
Protection  Ager.c  v  (EPA)  is  currently  sponsoring  research  at  the  Aerospace 
Mebn  al  Research  Laboratory  (AMRL)  to  futther  investigate  this  question 
with  hum.tr  su'niec  is.  At  ims  time,  however,  there  jo  no  evidence  that  the 
e ft r c  ’  of  continuous  noise  is  more  noxious  that  what  world  be  predicted  by 
use  of  the  logarithm  of  time.  In  fact,  several  investigators  (Mills,  Melnick) 
have  sir, vented  that  '1  1  S  rcu-.  i.es  limiting  value  that  may  occur  between  16- 
4H  liours.  Stu'!:es  ac  1  ompli  shoe:  on  animals  (Mills  and  Talo  (13);  Melnick 
(12);  arc*  Carder  and  Miller,  (14)  all  predict  that  TTS  will  reach  an  asymptote 
or  a  limiting  \  .Hue.  Exposures  haw  beer,  for  as  long  as  three  weeks  to  three 
months,  with  the  'ITS  reaching  its  limit  within  the  first  day  (Carder  and 
Miller  (14)  end  Mills  (in  Pre  ss)).  What  is  not  so  clear  is  the  question, 

Does  hearing  damage*  .‘-mu  when  such  a  limiting  value  that  ia  independent  of 
duration  is  rc-.u  hem'  '  Rased  on  Carder  and  Miller's  animal  findings  that 
similar  rec  ovc  ring  curves  incurred  once  the  a3yrnptot\c  values  were  reached, 
the  answer  appears  to  Me-  a  qualified  yes  if  the  TTS  is  less  than  20-30  dB. 

Re,  ent  work  no:  v'l  published  (Mills  (it:  Press!)  indicates  that  for  greater  TTS 
than  36  nit,  s  n  h  rec  overt  m.iv  t  h.ange  with  exposure  time.  Since  1  TS  will 
normally  be  less  than.  30  dp,  only  for  exposures  less  than  65  dBA,  this  limit 
will  to-  *  unsib.-reci  valid  only  fur  exposures  less  than  H5  dBA.  The  signifi¬ 
cant  e  o:  such  a  limit  is  that  tnere  may  be  little  difference  between  a  con¬ 
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(24  hours  exposure  dailv  with  no  quiet  periods)  Or 

t  •  .  n  :.*;•,  )  I ,  |..  IV.  vUi  1  iicii  c  mute.  U  p  it*  now  ,  the 
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will  i.  ontiiiuf*  to  use  it  in  Mils  context  for  exposures  less  than  K5  dBA  with 
the  ''notification  that  the  asymptotic  behavior  of  ITS  allows  such  an  approxi¬ 
mation  to  be  made. 

The  equal  energy  rule  would  predict  that  the  Z4  hour  ex¬ 
posure  should  be  5  <iB  less  than  the  b  hour  exposure.  The  NlOSIl  rule 
would  predict  an  8  dR  difference.  The  animal  results  of  Carder  and  M.  ler 
show  better  correlation  with  the  NTOS11  rule.  The  results  of  Melnlck  (1972) 
on  humans  show  that  the  equal  energs-  hypothesis  gives  a  better  correlation 
(it  is  even  slightly  conservative). 

Preliminary  results  at  AMRL  have  not  shown  the  necessity 
of  deviating  from  the  equal  energy  concept.  Therefore  a  c  dR  reduction  in 
dBA  is  considered  the  best  appro:: in-cation  at  this  time  for  extrapolating 
b  hour  data  to  24  hours. 

If  the  SF  L  is  below  the  value  which  causes  measurable 
TTS  at  8  hours,  then  there  is  no  widen-.  e  that  there  will  be  measurable 
TTS  a:  24  hours. 

14.  Estimation  of  the  Accuracy  in  relating  \TFTS  to  Noise  Exposure, 
a)  Underestimation  Errors. 

(1)  Worst  case  of  three  methods. 

Averaging  the  NIPT  S  predictions  over  the  three  methods 
wi  11  provide  in  some  cases  lower  N1PTS  predictions  than  one  method  by  itself. 
In  order  to  estimate  the  worst  conceivable  situation,  the  worst  co»e  values 
are  included  in  Tab'e  14.  This  table  already  consists  of  the  maximum  NIPYS 
expected  for  the  .9  percentile  level  during  some  part  of  a  40  year  exposure 
lifetime.  Therefore  selecting  the  highest  p;  edict  eo  NIPTS  value  of  the  three 
methods  should  set  an  approximate  upper  bound  on  the  possible  estimation 
of  NIPTS.  That  such  an  upper  bound  varies  at  the  maximum  by  only  4  dR 
from  the  average  prcciries  additional  coniidence  that  any  prediction  errov  p 
in  the  average  data  presented  are  not  likol,  to  underestimate  the  risk  of 
noise  by  more  than  4  cii3. 

(2)  Percentile  estimates. 

The  estimation  of  NIPTS  for  some  percentile  has  been 
accomplished  by  subtracting  the  hearing  level  of  that  percentile  of  the  non¬ 
noise  exposed  group  from  the  hearing  level  of  the  respective  percentile  of  the 
noise  exposed  group.  The  .  9  percentile  group  is  thus  that  group  whose 
hearing  level  is  worse  than  90  percent  of  the  population.  If  the  .  9  percentile 
point  moves  10  dB  because  of  noise  exposure,  then  it  is  considered  that  the 
.  9  p  ore  entile  group  had  NIPTS  of  dB.  However,  this  ID  HR  shift  could 
have  been  caused  by  some  of  the  exposed  ears  shifting  from  a  .  1  percentile 
hearing  level  to  the  .  9  percentile  hearing  levels  before  the  noise  exposure, 
then  these  exposed  ears  would  have  received  a  true  NIPT  S  of  30  dB.  Un- 
doubtably  there  arc  a  few  individuals  wiio  have  this  occur.  There  is  no  way 
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to  account  for  tu-  h  individual  suscept  ability  and  it  must  be  emphasized  that 
all  estimates  are  lor  statistical  croups  of  the  population,  net  individuals. 
Changes  in  tin-  .  9  percentile  hearing  level  is  still  considered  the  beat  indica¬ 
tor  of  the  true  NIP ’IS  not  exceeded  by  90  percent  of  the  population,  however, 
lor  two  reasons.  Pirst,  the  .9  peri  entile  in  a  not*  '  situation  normally 
does  exhibit  the  greatest  shift  when  exposed  to  noise.  Apparently  the  people 
that  make  up  this  group  are  those  most  sensitive  to  the  noise  exposure. 
Second,  changes  in  the  .9  percentile  hearing  level  should  be  ronsidered 
more  significant  in  that  the  hearing  of  '.his  croup  is  already  wors’  than  90 
percent  of  the  population.  A  shift  in  this  percentile  point  is  thus  liable  to 
have  more  significance  than  a  shift  in  the  .  1  percentile  point. 

It  can  lie  noted  that  trie  average  NIPTS  over  m0  years 
of  exposure  circumvents  this  problem.  The  errors  introduced  in  saying  that 
'JO  dpt.  ent  of  th.  population  will  have  less  NIPI  S  than  some  value  X  when 
this  NIPT S  \a'ue  was  obtained  by  changes  in  the  .  9  percentile  hearing  level 
arc  difficult  to  estimate,  II  the  changes  in  the  .9  percentile  hearing  level 
arc  small,  then  one  <  ar.  reasonably  expec  t  that  the  error  will  be  small. 

But  as  stated  earlier,  a  better  wav  to  look  at  this  problem  is  to  consider 
that  ike  .9  pert  entile  hearing  level  changes  are  the  most  important  measure. 
In  tins  light,  we  will  not  unduly  worrv  about  this  error. 

b)  Overestimation  Errors. 

(1)  "Least  effect"  of  three  methods. 

Averaging  over  the  three  methods  will  also  provide 
higher  NIPTS  predictions  than  some  one  method  alone.  Similiar  to  the 
worst  case  discussed  previously,  the  maximum  difference  between  a  single 
method  and  trie  average  is  small.  In  fact  this  difference  is  <  2  dB  for  the 
speech  frequencies  (either  1/3  (0.5,  ],  2  kHz.)  or  1/4(0.  5,  1,  2,  4  kHz) 
and  <  t>  d  13  for  4000  Hz. 

(2)  Bias  introduced  in  manipulation  cf  the  basic  data. 

Figure  21  shows  how  Passchier-Vernicer  used  the 
data  available  to  her  for  NIPTS  at  4000  Hz.  On  this  figure  a  curved  line  is 
used  to  connect  the  data  points  represented.  One  criticism  of  her  work  is 
that  a  linear  least  squares  regression  line  could  have  been  used  just  as  well. 
As  can  be  seen  ;n  Figure  21,  a  linear  regression  line  will  predict  that  the 
median  NIPTS  threshold  is  at  HO  dBA,  not  7  or  H  dB  lower  aa  would  be  ex¬ 
pected  by  extrapolating  Pas  sc  hie  r  -  Ve  r  mee  r 1  s  existing  curve.  It  can  only 
be  left  up  to  individual  judgement  as  to  which  approach  is  correct.  Using 
a  linear  regression  line,  t'.ie  NIPTS  {.  9  peri  entile)  would  be  expected  to  be 
0  dB  for  75  dBA  (H  hour)  exposure  and  8  dB  for  an  HO  dBA  (H  hour)  exposure. 
This  c  ompares  to  a  NIPTS  (.  9)  of  10  dB  for  75  dBA  and  13.  8  for  HO  dBA. 

At  ft  TI  A  p  i  f  !i  n  u  n  n  r  o  t  c  l-v  n  rod  i  c  t  o  M  O  fl  ^  t>  i  n  ts  run  mi  t"  f  VT  P  'T*  Q  T  V>  p  r  t*A 

the  greatest  possibility  of  error  at  the  4000  Hz  audiometric  frequency  is 
below  85  dBA.  The  average  of  the  three  methods  pi  educed  6  dB  fur  75  dBA, 
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£>50%  (T  ^  10) ,  D  (  T  £  10}  IN  dB 


MEDIAN  AND  MEAN  HEARING  LOSS  CAUSED  BY  EX°OSURE  TO  NOISE 
FOR  AT  LEAST  10  YEARS,  AS  A  FUNCT.ON  OF  SOUND  LEVEL 


Figure  21. 
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no  tl'.r  ni.iMinum  ■'  r  r  >>r  at  *  '■  ii  p  A  In  *  •  d  B .  1  .1  k  ew  1  g  e,  It  i  a n  h  *'  i!iu*  that  a ! 

Ml  ii  HA  t 1  ■- 1  !•  crrur  in  3  dB.  Note  that  ti.e  magnitude  o!  tlifsc  error* 

is  t  ho  same  as  was  obtained  bv  looking  at  li  e  “least  efleit1-  of  the  three 
nit  : hotis. 


c)  !n  summary  t!.e  4  kll^ 
ii.  1  atilo  17  ran  reason. idle  be  ronsldered 
ami  -o  dB  (or  more  simply  +  5  dH)  of  the 
raii^r  under  c  onside  rati  on  is  between  70 


and  (.  0  pr  ri  entile*)  data  presei'.teii 
arr  urate  within  a  range  of  4  4  dB 
values  given  as  long  as  the  L 
and  90  dBA. 


<■9 


i  t .  R  eg  ui  roment  fur  ''On: 

Remit  work  1>\  Ward  (IS)  i.as  shown  that  the  ruiet  intervals  bet¬ 
ween  high  intensity  noise-bursts  must  he*  below  b0  d  R  SPL  for  the  octave 
band  centered  at  4000  Hr.  if  rci  >v**rv  from  Temporar.  T  LreshoM  Shift  (T’l  S) 
produced  is  to  tie  i  ndependent  of  the  quiet  period  SPI..  Ware  suggests 
5  •'  dB  SPL.  as  the  point  Where  the  ‘  effe  tive  quiet"  might  be.  Assuming  the;, 
that  fl)  I  TS  rei  o'-ere  Irmn  a  oil  .in*  is  hour)  in  .  upational  exposure  also 
requires  this  same  level  of  <■{{<  i  tive  quiet  for  some  p.-.rt  of  the  1  n  hours 
between  the  exposure  ti.e  following  dav,  and  (3)  total  TT  S  ret  overy  is  impor¬ 
tant  in  order  to  prevent  T  !  S  from  no,  oming  NIPTS,  noise  exposure  should 
be  controlled  in  order  to  reasonabiv  insure  an  effective  quiet  of  55  dB  SPL 
at  the  ■  000  Hr  oitave  band  (approximately  t>  2  -  b  5  dBA).  The  population 
C  X  p  r.  C  r  d  to  T  T  S  prodUv  tug  sour.  .  U  (both  u  i  I  u  p  a  1 1  o :  i  a ;  aiiu  nun -  occupational! 
will  lie  guaranteed  bv  sue!,  control  the  availability  of  a  quiet  period  of  less 
than  r>0  <:HA.  'I  hat  su<  h  a  quiet  period  :  s  really  required  is  not  Resolutely 
proven,  of  \  our  se,  but  Here  ;#  enough  evidence  to  suggest  at  thi  s  time  that 
this  approai  h  is  advisable. 


III.  SUMMARY 

Selection  of  a  permi??ibH  2»  hour  expuaure  wili  be  5  dB  below  the 
permissible  b  hour  exposure  SPI.  ii  equal  energy  is  to  be  used.  Table  1? 
3ummari2.es  me  cffeits.  as  baste  -  .  the  b  i.v.Ui  exposure,  M  exposures  of 
either  b  or  24  liours  for  different  SP  Ls.  The  expected  absolute  error  iB 
estimated  to  tie  well  within  5  <iB  for  the  NIPTS  values  predicted.  For  Hear¬ 
ing  Risk,  a  fem  e  of  25  dB  (19t.4  ISO)  is  used.  Raught.'s  and  Robinson's 
Hearing  Risk  values  are  averaged.  For  trie  b5  and  90  dBA  (b  hour)  exposure 
conditions,  the  resulting  average  is  within  4_  3  peri  engage  points  of  Hear¬ 
ing  Risk  predi*  ted  bv  either  method.  For  an  bo  dBA  ■  onditiori,  Robinson's 
estimate  (10  percent)  and  B  ughr.'s  estimate  Hi  percent)  were  averaged  to 
obtain  5  percent.  While  these  values  might  seem  ratner  divergent,  it  is 
noteworthy  that  NIOSH  predicted  3  percent  'or  this  level.  The  Hearing  Risk 
at  60  years  of  age  was  used.  Hearing  Risks  at  younger  ages  are  less  than 
the:  sc*  value  s  (see  T  ables  15  ami  lb). 


5  b 


(able  r*  Snmri.u  y  ol  el  feet:;  expected  j  01  cont  inuou.*'  no: 

i'>:po:*ur'.'  o:  H  tiour;;  to  the  levels  stated. 


75  dBA  (70  dBA  for  2-t  hrs] 
Sneoch  ( .  5 ,  1,  2)  Soorch  ( .  S ,  3,  2,  4) 


Max  NIPTS  ( . 9) 

NITTS  at  10  vr  (-9) 
Average  N1  PTS 
Max  Hear i n. j  Hi ck * 


1  dB 
0 
0 

N/A 


2  dB 
1 

0 

N/A 


6  dB 
5 


Max  NIPTS  (.9) 

1  dB 

NIPTS  at  IP  yr  (.9) 

1 

Average  NIPTS 

0 

Max  Hearing  Risk* 

5% 

SO  dBA  ( 7  9  cl  BA  for  2  4  hrs) 
Speech  (.5,  1,  2)  Speech  (.5,  1,  2,  4) 


4  dB 
3 
1 

N/A 


11  dB 
9 
4 

N/A 


85  dBA  (80  dBA  for  24  hrn) 
Soeech  (.5,  1.  2)  Speech  (.5,  1,  2,  4) 


Max  NIPTS  (.9) 

NIPTS  at  1 2  yr  (.9) 
Average  NIPTS 
Max  Hear  me  Risk* 


4  dB 
2 

1 

12% 


7  dB 
6 


Speech.  (  .  5  , 

Max  NIP 

VS  (.9) 

7  dB 

NIPTS  a 

l  1  0  v  r 

(  .  f)  )  4 

AVC-r  il'J  7: 

NIPTS 

3 

Max  He a 

ring  Ki 

sk  *  2  2.3% 

90  dBA  (85  dBA  for  24  hrs) 

!_) _ Speech  (  .  5  ,  1  ,  2  ,  4  ) 

12  dB 
9 
6 

N/A 


19  dB 
10 
9 

N/A 


28  dB 
24 
15 
N/A 


25  dB  ISO  Pence 


:v.  conci.usions 

The  main  purposes  for  preparing  this  rnpori  were  twofold. 

(1)  '1  hr-  first  purpose  w<iH  to  resolve  the  question  of  what  and/or  whoit 
data  should  he  used  to  depict  the  relationship  between  loaa  of  hearing  aensi- 
tivitv  and  noise.  The  question  waa  resolved  Wv  using  three  leading  predictive 
rr.ethodologi e«  and  averaging  t !-,r  results.  This  averaging  haa  been  criticised 
bv  some  as  unscientific.  The  argument  is  that  one  should  pick  the  most 
ecientifica]  Iv  sound  method  and  use  it  alone.  But  the  problem  then  remains 
of  how  to  se'ec  t  the  single  best  method.  Averaging  the  three  method*  avoids 
such  a  selection.  Rut  ,'ven  more  important,  averaging  the  three  methoda 
prevents  the  possibility  of  selecting  the  worst  method.  Therefore,  the 
averaging  technique  was  considered  as  the  beBt  way  to  handle  the  problem 

of  data  selection. 

(2)  The  second  purpose  of  tills  supplement  was  to  discuss  the  method¬ 
ology  of  Krvter  (!t>).  Criticism  of  Kryter's  paper  is  provided  by  several 
reviewers  in  the  same  is.iur  of  the  Journal  of  the  Acoustical  Society  of 
America.  At  this  time  there  are  too  many  basic  inc onui stenc ies  in  Kryter's 
method  for  his  results  to  be  included  in  this  report. 
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